INTRODUCTION
Nitrate-nitrogen contamination of groundwater has become an environmental and public health issue in developed and developing countries (Su et al. ) . Several abiotic and biotic techniques for the removal of nitrates from water have been proposed in recent years (Wang et al. ) .
Among them the reduction of nitrate into harmless nitrogen gas (i.e., denitrification) by biological processes has become the most popular technology (Ghafari et al. ) . However, low carbon-to-nitrogen ratios in many wastewaters require a supply of external carbon to meet complete heterotrophic denitrification (Wei et al. ) . Autotrophic denitrification has received significant attention lately due to several inherent merits compared with conventional heterotrophic denitrification (Yang et al. ) . Compared with heterotrophic denitrification, autotrophic denitrification has associated low operational costs and reduced sludge production autotrophic denitrifying (Yang et al. ) . However, bacteria have a relatively low growth rate (Montalvo et al. ) . To address these issues, immobilized cell technology can be applied in autotrophic denitrification. 
MATERIALS AND METHODS

Media and cultivation
Strain H-117 (Su et al. ) was isolated from the Shi Bian Yu reservoir, and grown in an anaerobic autotrophic medium (AM). The ingredients of the AM and trace element solution (TE) are presented in Table 1 .
Reactor operation and evaluation of the optimum Table 1 , the operation of the MBBR was divided into 15 stages. 
Analytical methods
In all experiments, the effluent samples were filtered by a membrane (0.45 um pore-size) through a suction filter machine. The concentrations of nitrate, nitrite and Mn(II)
were measured according to the standard methods.
Water pH was measured by a bench-top pH meter (MM110, HACH, USA). The morphological properties of Fe 3 O 4 @Cu/PVA biomaterials and the bacteria were characterized by a scanning electron microscopy (SEM, JSM-5800, Japan JEOL) system, and the crystallographic structure of the Fe 3 O 4 @Cu/PVA biomaterials was determined by X-ray diffraction (XRD, Rigaku Ultima IV).
The gases were analyzed immediately after collection using gas chromatography (Agilent6890, Japan; and PerkinElmer clarus 600, USA). Bacterial genomic DNA in the MBBR was extracted from the biofilm samples for bacterial community analysis. In order to determine the crystal structure and the composition of the as-prepared samples, the PVA before and after the adsorption of Fe 3 O 4 @Cu was subjected to XRD analysis under a wide range of scans. Figure 1( 
Denitrification and Mn(II) oxidation in the MBBR
The experimental and control groups were operated in parallel under period 1-15 conditions for 90 days (Table 1 ). In the first three periods, the effect of decreasing HRT from 10 h (period 1) to 6 h (period 3) was tested. In periods 4-5, pH in the feed was increased from 6 (period 4) to 8 (period 5). In order to recover the denitrification performance, the HRT was increased back to 10 h. As shown in Figure 2( From period 6 to period 10, the Mn(II) concentration was kept at 60 mg·L À1 . As shown in Figure 2( ) occurred during period 6 (HRT 10.0 h and pH 7.0). From period 11 to period 15, the Mn(II) concentration was kept at 40 mg·L
À1
. As shown in Figure 2( Based on data in Figure 2 , the strain H-117 may conduct the following sequential Mn(II)-based autotrophic denitrification reactions (Swathi et al. ) :
Detection of gaseous nitrogen compounds under different conditions
To confirm the nitrogen removal mechanism of the MBBR, gas chromatography (GC) was used to monitor the gas composition produced by the MBBR. The result is in accordance with the nitrate removal ratio 
The MBBR performance under optimum conditions
As shown above, the optimum conditions for nitrate removal were initial Mn(II) concentration of 80 mg·L À1 ,
HRT of 10 h, and pH of 7, and these conditions were used to carry out the following experiment. As shown in 
